
NASA TECHNICAL TRANSLATION NASA TT F- 14,703

__ J
ERRORS DUE TO TERRESTIAL ROTATION

ERRORS WE TO INHERENT BALLOON SPEED
COMPLETE RESTITUTION OF LOCALIZATION (DOPPLER)

Centre National d'Etudes Spatiales

__ ......H ••.. •• • ------- - --- - ..... -- •.. ----

,,

\
. \

-~--~_\

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 SEPTEMBER 1972

Translation of Memorandum No. 11/65, Centre National
d'Etudes Spatialesj 368, March 1966, 32 pages.

Toulouse, France

,----------- ------- ----------
: (NASA-TT-F-14703) ERRORS DUE TO
[TERRESTRIAL ROTATION. ERRORS DUE TO
~INHERENT BALLOON SPEED. C05PLETE
IRESTITutION OF LOCALIZATION (DOPPLER)
\( ~~-~ !lJ~__Se ~~! 197_2__}_LJ>_____ _ C~C;_-!-_J ZG._~3/21

--- - - - ------ - ~--- , ,-- ---- --- - ------ -- -- - - _. --------- - ------------.;

:;

I
-_._1



;~.r' .

AERONAUTICS' '

',.' '

~I .' , '.

" '.

',. '.

•

~I

i

'\. I ;;.J I

;;

"

ADVANCED SCHOOL OF

10 ,' ... _

"j}'-":;:.
1." J

.' ~ " ..,' ~

.•l.

~ "l.:,:
~ ~f

',.
0,1'

... ' . .'

,"j'

.,.

,,',

• " I

:/' ;~:~~ t.,

, "
~ ~;

"-. ·,:t ..
,: . .;
, .'. ,;

,',~ .";

t."

" '

'.n,
",

','

",

:.:

:. :"~ ~/ '

~ ",{
'. ,,1'

.'/' :."::~~~~~~",::.
, ~\ ""

'. ,:. ,

, .~~.

.'"',,,

.'oj;.... :.

, ?~.:~.>:
., ....

;,

\';

'.."
",I','
"

,- .. ,

No.

J:.,
':!:

,1'1arch 1966

I

I. ' .' •\ ' ~'."

'.{,

'. ::~ .. ' . ~

..........~

Memorandum

Automation Research
.'

,",

::

ERRORS DUE.TO,:TERBE}3TRIAL 'ROTATION
'\ ,r' ,~r,:;;~~;,:.. ,.,

/.... ;:::. ., ,,' 'i:-;'.::,~;~·'J;"~" ,:,l<r:,><::, \',,,,
ERRORS DUE'ID 'INHERENT, BAtLoO~f~SPEED::::";'i,'"

. .. ." ,;~~{;:;:"1;" .··';j';';iilr'::; ,
COMPLETE,.,:;RE''ST±'fuTt.ON:,OF 'IbcALIZATION':XroPPLER). ',C

}' - ~. ~ '.:: .
.;.~..~.:',~~{\ ::-." , .. ' .

:,"~;;pl,:i'L.,(,:F" .,
'{," '; 1

",

,1
\-t.

" '

" ,

"

,~.

."~
"

"j

J'~:"" "

.. ...,'.

,':' ..

"

...

, "
:' ;ri,"" Ott,'

\. ".}~' "
.::'

,. '

.].,



';.

r ~.,I

,-,;

'.-;­
- ,- ~l

'.'

'",<;'.1'
( ....

:.:,:r:.'-i.;:
~.. ', .

•• JI ~

'L,:
, "

',\ '... .;...

'"

5
5:
6 ,.,' .....>
9

.',

',l

'.'
~. .
\' • I ",. ,;,'

.:'
".; • JI .':

• I,

1,1.#' ~

~'. ,-.: ~." ~ ..
'. '. ";' ~',

~'.

CONTENTSTABLE OF
'.' . ~ ':-".,-
, "':,'~""'~'" Page

". "j' .~~:~: :~;~:,;:r' Nu'mber..
• J • ~ ( • ~ ,

ERRORS DUE TO TERRESTRIAL, ROTATION.::I'~J,,:;i.(>
AND TO INHERENT BALLOON SPEED "c '::~:?.. :,:: ': 3
CORRECTION OF THE ERROR DUE TO ' -'::':',>::,:-:"'::
TERRESTRIAL ROTATION .:. "

2.1 Notation

2.2 Principle of the Method

2.3 Formulation

::L:;~::;:=:~~~;l~::::::ION-, ~~~'~
3.1 Notations " :,' .. 14 .~(

"~';';lc~'" ~" ..;. ~~~~,

3.2 Principle of the ~",~.,t.hOd,,·,·.. 1,~,{t_"··15 ,'~f"

3.3' Formulation ,': ":'i,\r;J~t,;', ..:,.1 19 /
,', \" "'1" " ,. ./- '

3.4 Convergence of the", Process~{,'::'C,·,;:f»·~, ;,~. '~';'
, • • t " • L....~.~ ~ .'1'~'~,.¢"1"" ',-

and Results .',;{. \ '·:!{\:J:i,il\i}.,!:"i':.jl',;~~20 ">:
\, ..,,~'''~'; l/' • r;.;;; 4.~. I~,_~~': .. ~~·r;:~ .{I 'i . ::;, , . .. .'. ~. 'r. .~. l,'1 \'11, .5r.~I.l~· .... '6.1 ~.~ •• 't~H

IBta Restitution "program:::,j 'kl,;,!,'~r";,'.i':,. .. ".".',"

(Do 1', t) ',<,., '" ," >t:";'~ 'f ~>Z}~S;'>:"2".2' .. ~(':.:-pp er ,effec . \' '. '.. '", .. , .... 1<:,'. "." .J" ~r
" ""~~"'~'~ _j., ,}:;;fl~:'l'" • ·/:\,{.'::'J~7::~i~·.;::~.;''t':'''' ~'" ~t,~~..:Jt,

CONCLUSlmH:'~";,ti':;,l'~.'i";/,, 1,r'/i~ , l '.: ?;i;'~'~:;;~'I;r~~:1~;<~;;'ii··29 ·;····,~,<·.I~; :~.,'

, ',' ," ';'~·~':::fij.::~i:f:>::J;',~,;;~;"":~,,:,~,~,, J: .r~;:i:~;:~:~~;~kJ.~~:i~!?~E~r:/:·:t~:1 :t::,:::;.: ,/:
.' '\.""'(f""~~'(' ••' •••••• , ... ",.",:•• ,' ...... ,

.1'.

....

II.·'

\.

III.

I.

IV~

' ..
.'....

"
'.' ,;.;{..

~, "'"

.. '~"

,.,".

.....

......
·'1.···..

"'l'

,.,

~,;

..

, ::<,,~, '.

;',j'" ~·-·r·~

.. ·.'>i ...·It. .;

~" "

:.

;:'.:
..1.'.\:~ ,.- '\. .: ..
; ......

,.;' 1':;',
",

. :z:·
"

'( .

\

f.·>- ....(: ,,l" , '.\ .1 ';.

,,'.j

.~.,.
. ':} .....

..: '

"

...1.;:



. .'~,.,'"

. ":l•
. '.";.,'

">~>":';'", " ~. ." ~,I.'t

'" .

-/ '" "~ l! ;"

.' , .. ~)';",'.

..~ _~__ "_".' ''''r- - ~- .

,(.

•• ·.1

-3-

.,'
, I

" ',t •• ,

, ~ '-.
":(

I .... ~.~.:.'

The principle 6f localization described in the'

Such a localization defines the position of a

ERRORS DUE TO TERRESTRIAL IDTATION AND TO
:BALLOON SPEED'.

._. -~ .• - ---'--"-'~"l'""'r~""'"

, ;

preceding memo'randum consisted. in attempting to find the.;'.::" ',," .. '~"
.. , '~":' .

intersection of the two cones with the respective vertex·~.i.... ).'.!;;~:.;.~, .
• .,.-" ",' ~ • .' ,,- ~'f "" ;'..a'nd the pos~tion of the satellite at the instants t and,:. ; 1'-.1'" , .

. ;,:/ :,' , ::. :.':,:~'~';:
t + T where the velocity vectors of the·'·satellite at " .'" ",

these two\,fnstants constitute. the ~xes of 'the two cones·,' '. :,,:.:,,~~;:::: ."
'··;;:f. ::./

"..
I.

,and where ,!~1;. andrt3~: define the angles at the vertex
. ..... _. "-.-

of the two cones of revolution.
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stationary balloon during the 'interval between interroga~ioil".·:·~:·..
,':',

,.'- . "

.. ,':',

a,nd tmplic it ly. ,assumes. 'as kJ:lown t,hrough Doppler measurenien~"':;''':
. . . , ; I: • :, ,,;.... ,'I, , . '. " . -" 'i.:~ '{ ":" ... •••. ~ ~ '.' ".', '

..:~.}:.t..... ~.: ..~.~_ ",'
theangles ~I; and'l~;rof 'the ~wo' cones. Such a succihct''''-~'' . ':11_."

loea11zat lon 1~> frr.~~ ted by,;fery large errorsand 1t ·:t;i;.~:>,t';.,S
becomes necessary, with the aid of ite.r~.tive procedures,." ' ',;"~: <- '!-:';:",

, '. 'j : _ 4.. •• • -" "._ ' "',' I : " ,'i. ~.t' ',: "

to correct the' sy ste'lna'-t 16 i errors '( i) in,\th,e displacement{;;
. , .I' 'i

toward or away from the balloon.

of the balloon during' the interval:;'b~t~ee~iinterrogation';·.. ·
, 1 :, ~" "..... ..;...:-~" '? ;," :.. : :;.

T, and (2) in the' 'ang~es' of L~d and' ,Iii r'::,9.f.;~~e .. t~o cones,.:'

consecut~ye to the speed' of the bal~,~·o-k-{':·~~::~::tts motion .
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During the. ,time T, the l:~:lloon is. carried along by
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the rotation.of t.he earch and;,desc!.i bes.an".arc· B1.·B2 whose

length depend'~6'h' the latitude. (cf. Figur~"l) so that the-
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this' first estimate,. an lterativ'e procedur~,., ?, "f;

in the next' paragraplfwhich .mak,~s ·it. -" >j<:"~"t:~i~ :~';':"
determine 'the "'~ffe6{i~e,~'p'osit ions';' ';i :': '~<\;,

• • . t, . ,1 '.,,",::, ,..,;',::,:.:';: :,' ", • ~ ,<,'," '
the two instant s. ",:,-' ,J'/;, >. i.', "':, • ':'~': ,; ; .',
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On the other hand; since the Doppler measurement' 1-"
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satelltte' irt;~,in fact def in esthe radia.l' veloe i ty ,of '.the
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relati9n to the balloon, 'it f~ 'necessary "to' take into".,>.~ . ' ..
.:.. ',~' ',1 I •• ' ":". ,:' 1 - • • • '~ .' •.

account the':insta'ntaneo':l:s,,:,spe~dof the ~at,\~on~i~c>nsec,ut~~~,;:>~';,.,.';'·x:~~
to its rotational motion. If; we des.1gn as'/~ ~t\t'he·angi~'i;::,.~~~~~Cf~'':, ;",: i_,

between theve loe ltY;1Teeto~~t ~t~e,~ii6ri~~M~)!f1jh;/ "."',.
as VBl the i.l1:heren~<speed of:~the,;:balloon,we·haYe:,the"(·'!'~:·'t: : " l;;
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II.' CORRECTION OF THE ERROR' DUE TO TERRESTRIAL ROTATION

the general. problem of the restitution of localization.,:

and the two iterative, procedures together 'constitute

procedure.

2.1 Notation ..;..
~ ............~ .., ~:

WedeSlgnateas~J3,~ G: <~~~ ~}~!,e s~cc,esslve poslt1ons

of the balloons localized during the:ent1r~"tterative'·J'

defined by 'the· Doppler measurement.
"
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necessary a secorid process of information processing
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which defines, from the known position of the balloon, ',>r." r:: '" "'f

the angle' of the cone as a function of the angle '(3 ,'::'''''~''':,',;.; ,:"':,,";':;'i::..
Itt,' " " ;. i,' ,: ,0.1. ,

-~'- •. ~ I .':.r') ",":..;' !'.",.'" ~',\;: ."
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.. ,': "',

,."

talloon
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1 ~~ 1:, t~e 'po'si ttons Blj converge at the:eri'd;;~f,:th~ procedure
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::; toward Blwhich is the,:.true posit.1,01?:,:'o~';,,~h~ balloon, ":,"
, ,

, ",'
: .

'/;

..'
'., ,.

,.~ .'

; .
."
, '

relation

. ~ '.,.. ,~: " I "

", : ....

•• ; "r

\."

" , i.
"



• ~f· •

.', . ',' ., ..
' .. " .. ,

, ',,' ' ....:

'... , •... "'.:.
, ' .•...• J.

... " ~ . : l.-."'

',. '.....
, ,

'. ~":- .

r.

~ , I • ' •

, ..;.'o' ~...../.,

'. ' ..

, ,

.. ' ,'. ¥ .... -

. ,,1: . ~.... ~ _

,.'

.,.....\

.'.
," .:, ',,?

•• :. ,1

'J ~ .' '. ~ ••. '

. , : .' ",\ ~[". ,
"".··l..

~ "
. -.: '. ~l.·

....... ;

'J- -':."

,.:, ',.' .' :.' ~·l.·
f • ~. • \'

,; • • j,7 ,: _.~ : .-
\:.;.,.., '1'/._''. I,
I' '•. . ,

'<I"•• -.

~ , '. .. ..

I ,

.~' \ .

. ~... ;

.' ..:,

. " ,

Principle of the Method2.2

We attempt to find asa first stage an iterative': ..'
'. .' ~

\ . .!.

(t and t:+ Tl. ':The point B21 1s projected ,bY,b2lat the;,

method similar to that exposed 'in memorandum no. 5

balloon, thes,e 'values corresp'ond to the angles of the' ··f
" . ~ ..

'cones. ". Let us, designate as Bl and ,.B
2

the true' Position~:,'
.

of the balloon at the two instants of interrogation

I.
Where 8

1
is 'the' position of the. satellite at the

. ~ , ". . . "1" ..~ ;

instant t; and' v: ris'~he' Yelo~i t¥ vector Of, the. 'sate IIite
• •. .' f ' __-..--!..1 ,.' t· .:. l .'~.,

'at the same .. instant.· All angl'~\f3,~\ must be counted
• . .. ' • :"'_or-_l ' \. •

starting with the' PO~iti'O~'8t'~'Of"th\e,\:satellite" Only the

'~ngle/~,,,,,, : (~~-~- \i~·'·)\iS co,':l:~,~~d'.st~rting from 82 • We ,,',

deslgrlate as b tj . the projections of the~;oint,Bij on th~:.··
•• .' • " ;.,.. • 'f~ ...., • .1 .

,orbital plane. , <

exclusive:)..y for compensatIng ,the inf.luenc~ of terrestrt~l.·:·
• • •. ; ,.' • , ~ I' :.~.. : •. ,

rotation.". Let'·us designate ~s B2l the~}loon as :'::~(;.. , '.
~ " ~. I.' ,.-.., "1

. localized with' the"~1d of' thet1lo measured. values~' '.' "'"
. '. ,t'·, '.~_'~."'_ ._~ ': __ •. -:.,, __ .~ . __~..::_.4~_..1:'~~'~ i . .~;:.

'; ·.··:1,... ·f, ': }~O, t?\, ~l, &~.~ ii.. -1 ".:, ...:~. "
, :>, (.'.'t.~ , '#.' r""7" _ ,-::-__0_._ ... ' .. ~~, ." ' -:' ,.,' ,

If ~wedo)~no\t take : <t'nt 0 'account ·the speed of the ,".
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. ','
pro'jection;of' 'the parallel of ' the balloon in the Oi'bit'~~,::;'(:":i

plane (cf. 'Figti~e 2). The point ?2l.furnishes a first', :,:":

estimate of the":'?~Sition .b
2

• ",,; On the "bas'is of b
2l

', we·,,"~.f~';\'

define the ::'~6,~'.t.i:i~~ h
ll

of th~ l:alloon at the insta'nt' ~'~i; .,~

"" ,;;:'{<f.(.::":/:i':'"'Y,.f,•.',:' ..... '
.. ,':'. . I,: .', 1,"". ',. " .. ;'•• ,\(, :,.:{,
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with vertex 8
1

passes throughthi s poin~.-.and-·is 'character-

by taking
I

into account terrestrial rotation. A parabola
.,'

,I,','!.! .;
. ~ ; "

of the error 'made in the cos ine of the angle.

We start aga'in with the localization'~f the talloon

furnishes a first

~ " ..
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I' •• ;. ", ,"

. "

.. ,.:.,.( : : '
.. ." "/

.. ~ "

~ .
" ~

, ;".
"'. ",..:~,.~ ':;

estimate

the magnitude

then furnishesThe 'P'oint b l1

b l a pd.a fir:.st estimate 'of the true position
'" . . _.'.. - .• '" . \

,~.C>~ f~~.-.:~~~ I~., ~ .¢o, ~l - <os J3~J 'I·-
- -- ~-- . - > --------;
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.. ... ' .... _.
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the basis of this position,

This second localization defines a balloon B21 • Ort::~:::<.
·.~::~\..:::'" .;:- ,"

we define the position Bl2 :':';: .
... : :.. ,

of this balloon at the instant t and obtain 'from this " ...·i:.,~.
- ,~'__~._ ...'..:.:... .. '_ .__.. _. .. ' ._~~t~!r.;,

a second estimate of the error mad~ ;:.~~OS ~t1- Cos [3" ) r:r::i>....
and the third localization is')nade ·on'·the''!iisls,.or'tlie· '<,.:.:.

on the basis of the magnitudes
. '. "." ..

~ ~~.~~ ~"-r3~~ ~.: .(.~~ 'J3a... + ( cC's ill - cC'~ I'?><tt)
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Formulation

problemrequiresthelocalizat,ion of the b:illoonL:'
~,\ ,

from the known position of the l:alloon ~t,~.l-:
.. ---:-.--':..-

. .~

, - tl?e inertial trihedron XYZ where OZ passes through

,the axis of the poles and OX is an inertial axis

Since the Doppler, 'localizat ion and completely

defined in the preceding memorandum, the complete sOlut~on,

In the solution of the problem we utilize the

following trihedra:

The magnitudes indl~ated in the Figure are those obtaine'd.:,' ":~".,. j: ' '
- ~ ~ ~... ,,~ _~ f ,.

'and tG~ 3 J" I ~,~,
~~.. ---'

"-,---

, ,

.' " of the

',.:8 -- ,
',ft.' ,

,t" ,

".,
" ., '\' .

. ," ..

j' '.
'I

," .

;,'

'r' -.- i~' ..... ,. ,
"

'of reference passing 'through,the vernal point,'

and the trihed:r~~,:,\'i~"'::~,"~\ba/se~:on the orbital
, :, ~.--\-'~,-. ' \. - ':.(

plane. ,where' '" '.. ".' f-

. ", ' ­
" f ~.' ~

;,

'\

, ..
",,:'0 xl: is, in'the' direction 'of the ascending node,

/...~ ..>,
10, )l \ is: perpendipularto Ox in th'e, orbital plane, and1. __
....._._"j;.J.......::..

,j-~}J' is in the (Lirection of the, vector in:: and;.'.:", i

where the orbita1 plane is ident if ied: by' its ine linat ion','
j- \'

. ...... ' . -:. :i(,,,·- . ~ . ~ ,

1 and the inertial longitude+fl.t of the ascending node { " '
,'---' '.. .. ......

. -,,: :·~t't.. ::·., .
.Without detracting from the general ,character 'of ,:,,', ','

. \:,' ;~.;.:' I ~.

the problem, we can neglect ,':In regard, to'.:localf.zat ion,:'~<~~.: ,~~'
" .p. ~'1 ' . ',: -,:;. ~ .'. ,'\ ,'. " ~> ../ ~ '~: :

the advance of the ~erig~e and' .theor'b1tal', pr,ecision. ' "","::'

whic,h"
i':- '::~ ..;, ,

.:. ',,':'>" '
, .~.~. .
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"":',

'. ':.... ". ;,

.....
'.. -~... ,..
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,
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coordinates of the, balloon B' in relation to ',::,' ~:' . .­
"2,,

. I' \

X' =2

Y2 .:;

~ =2

---'--,-,'----

The

" .1,"

the axis OXYZ are

, '.,';. -.... :.1 ~'. '" ~l "':' / l:r,,\ ~:.:"j~ /,~ .t.-:"' .' '. .
We cari'statethe:se ,8xpress1C>ns'(bY·"d.e's1gnating as,'"

.' ::" ..... ' ,:, . j-:.,;,,;';, ,',,},,' . .'~~-:'
the'.inertial longitude of Bi:;:.:and. as\p'Y.the,:';t.atiitude of~',:

the balloon 'in the 'form ..:..~~: /~:i~~~ '::';"\~;' :,~ '\f L,:(,.. ,
. :~:...., '.'
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the expressions 1 and 2 define the

latitudethe

!
Let us now calculate 'the positions of ~l in

Accordingly,

~"

expression 3,

relation to the trihedron

latitude and the ,inertial longitude of 'the balloon B2
whereas the relations 4 and 5 'definEl,~_WJ.th--the""aid of ,'j;;tr':~~,

in relatlon':;to the "orbital~~:Y:1::;: ,','
'.: ..=:;':~' .'

plane and the 0l:'bltai,:l0f?g1.tude' of ,th~.bailoon Bl'and ,:'~i~."

theformu~a~"::6'a~d':'7 aeflne:th~ o'~s1ri~,';C)f ,the angles' ;>~,~;:"

,o~ :~he ',c?~e~':~1 h~',:~il}'~::~,'~~,~~'~~~l~~:::"v,e~;:i,6:~~~:;:~l"~~~:,:~S2.'
,- 1 ·1, '",:.(~~,~~,,,, ./:':" ..~'~:..::.:", '.' ·:";~.,.·I·~~<,:.~·~~.\~·":'.!.~.·~·;">.·,!,o'. . '':'1

'0,:,' ~~.'~,"'. :.: ..': ;'; r. ·c
t

::." '; "'{.ll :\~.~' t~ ::

l' ; .'. ~ , • J ,~. '.,', .,

;.. . . ....t~,.··. ". ," '. .~ .~'> ....~\'.:

. ,.' "

, ,

:··l

, '\

. , .
, ..

.. .. ",'

f •.•. : ......

'. " ...., ,

:: .. ) .

:'1"

.... j.•

., '

....

.'

,,' .

, ~ ~... ',' .

~. ,,'.....

0',

, '. .~..~

'. ','

It.
" ,

,".:
..

.' ~", \

.,

"
• 1; ,~ •

. .?:~
~/ .. '

.'. ;

" .,~: ~.:;.:.~::.. ,.,
..'....



\.

, ,,-.', '; ..
't' • ,.\ I • 1 .. '

"':; "

· .'

-13-·
. , _ . ol"';

. ~,~. ".-:'~ " ...
" .

~, .

. , :,,'
't •. ,."

.1', 'j.'

" ~

.;::(.,":. :
.. '4.. !.;

'.

.. '::;: .":-/ :.,';
. '! •. " ~',r... '. .•

I

Convergence of the iterative procedure and results :::::.....:

These six formulas therefore make it possible ·to
" " . '\. .. . 'th,

calculate.~os f\,n../!it ' the :(".1)-:-iteration whe.n 'we know. . . ·-.-.-·r .

the position Of' the balloon B
2

at the:(.n _{1.')th iteration
~ :"';'"

In order to verify ·the satisfactory convergences of

~ ."

.. ,
',' .

. " \

· ,

", ','1.. ' .
.t··" ','j

I ,~..

in accordance with the position of the '!:ase. For this .... ,.; , '.
, .' , .,.

' ..
purpose and for ·a· given di stance from the trace, the'"'' .'

Ipcalizatlon was' calculated for all possible bases be~lnning·:·.~::.~·::'·"'::·~i·::
.. ,

: ~.,','

. . . .,

with the tase at the limit of visibility. Table 1 groups ', .. ':(\.:~.~ \'
'. _ " ~. c••~. :~ ~:. • r •

the successive results. for an interval between interrogation<~'·:.~'·;·::.
, '. . ". ,'.:. .,

.' 0', , . . . ,I
of 195 sec and a balloon located at 15 from·. the trace for

. . .
,.. .... 1.'

.... .

. .: " " .
• I. ,.;:.;.).

...... ..
j::'./,':,:'.'

--

the case where the fitst interrogation. takes place at the'
limit of 'ViSibility~-~":' .,":1 ':' ..•...,' ..:-i. .:~\~ ... (:.

r~....:...-.--.;---;,;,,;;.;.--~~·'=='--'~"'~"~~~~~~~~':"'~'----~-~ '... -. .;........,....

.
. 1 base 1 symmetrical base 3 base 4! base 5 ;:' ..; , .

.. ... tba sere I I " .
position of the, base, ,.,.

1'--_.\-,-&~(~.~3 -.,.. ~o.', 038580 ~O, 0986935 -:0,15881 -9,356378 -011-200J "'.
j . .

Localization 1 176,448' 143,539 131,156. 77,774, p4,26j I}
localization 2', 5,210 7,664- 8, 821 5,9973,760 \\ ....

loca:ization 3' '.0,163·· 0,372 ,0,589' 0,4810,220 /', '/~" ~.~!'.< .

localization 4 ':~0,029 0,032 0,085 0,044 0,186

localization 5: 0,020 0,042 0,156 0,011" 0,135< L.;,:\·::~~~:·
localization 6 0,U15 q,022 O~033 O~03~. 0,223

localization 7 .0,004 0,022 0,033 .' 0,064.

loca~i~a.~ion 8 ..... "., " ......;"." . . ...J 0 "~07' .. .'~'. ,,'
, .­..

."

"\ '..,

-. • II!I 'II II!' I ~
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the ll'mi'ts of acc'uracy of the arithmetical 'machfne,

anticipate ,greater accuracy •

" . ~ . ..-, . ",'
• ,;.~. ' l • ' • I' .~ . ~.. "::','

particularly in the iterative calculation of the locali"; ::'.>":,' !/... :,:
• , • • • '., ' . .:.." ~ I :1 'le"'." ~ t.

':"... /.....
zation of the oolloon, do not make it possible, to ,.:':

.' :'H :-. ~.' I ' '., ,
.; J - ,

~ :.r' ' .', • .. '•• :- '...,

The convergence of ·the process is snown to be very .~';' ",.:,< "" .
.. , :',~ ~''':''.'' ",:•.- .:_(; '. ,.f. ' • ~"J

satisfactory and re'mains on the average less than 50 m : ..:?,'. ;'::.~ .'" ::~',.<"
. '".''!'~:..'''.~'''''.'.( -'~:~' .. "

'after 6 iterations which is very satisfactory. However~.'~."" .,' I .- •.
;. :, f'.' 'c',· ..

, ~ ~ '.

: ~ ....

., ,~, '~

, .~, .
.";, .;', .. '

, ,

, ".;

..',' '.. ,'::'. ",',

, 'j ~.

, ,,'

'. :~,:- " ,

On the other hand, it will be noted that the error,':';,
• :.,' 'to

due to terrestrial rotation varies greatly with the oose:

utilized and in a continuous ms:nner. Very high (on the' " .

order of 180 km) 'when the satellite is within sight of ... ~: ",

. .
•., I~ ...

·,·f' ,

, .' -'. ":'..
;

/'.. ' ·i· ,,'

-...... ,; ..
-', ':'-

','
,," ':.

•• ,'r' •

• 1 '
~ ~.

the balloon, it decreases rather sharply. and is on the

order of 50 km when' the balloon leaves the zone of ... :..... ;
." ~ ',,:;.. , -., .: , . ' . ... ..

visibility of the satellite.~'However,·~nspiteof a v·e1!y'~,:,:,::··,~·.. ~:~' ",
'. ... , " '. ". ' ';, 1.~ • _....J ":~ " .: -'''" f ... ',

large first error, '~he iterative process 'utilized makes"', ::' ", ~,,:,., ".:' ,"
.' , .'~ . ". ;-'.'

it possible to compensate the', ~nf.~uence of cterrestrlai,':;:i\ .

. rotation very satisfactorily ..J":: ,~,., :i':''':~ '; , " . :.:.,' ..
.. t 'I ", ~

J' •

... ~: ',: :'
.-. ,) :, ~ "~,

..... :,;' '

~ '.

• 't•.

III.
. ,

COMPLETE RESTITUTION, OF! LOCALIZATION :,
"3.1 Notations

" '

'.' ,',

. ' ....
, j.

~
I,
I.

J . ", *From now on Bij designates the~position of the

oolloon obtained after the iterative process of compensation
, ," ,

',' ......

'.
'1,.'. '"

for terrestrial. rotation i=.1, 2;,{ ':::: 1','· 2 •• ' .• n where"
:,

first index characterizes the, balloon at the 'instant
,l .. ;.

"..."

'. '. ;': : '. • ~":•• " I •

.~; .,1.,:"'-';' ; t \ , ', .. ;

,~' " <j .. '

'l,

.. ' ....,

".: ',' -

index deftnes"t.he'· order Of:' oomplete iteration•
.' ..' ," . .~ ",
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j = 1 indicates that the first 'iterative process"
~~-;

:'- "

'.
'"',':',

, i

". "

of terrestrial rotation has taken place--and-that the

'process itself consisted of n.iterations; the sign *
indicates that th'e influence of the l:alloon speed is not

. ,

taken into account in the localization and the compensa~ion
( . '

of terrestrial rotation. ,

"'

Jj'..! "".'

.',

, ( ..:" :',

/: '","

, ..
. '. ~

'" ,~

. .~

, ",

By analogy, Bijdesignates a bl;i;lloon performing>."

under the same condit ions as the foregoing and only the ,(,:>:::,'
, '

• .~, t .•.• i', .
. ,

, '. " :....
/.',:,:".

, '.'
elimination of the sign * indicates that the speed of'

approach of the balloon was taken into account. , .. ,.. '.,:.

.. --".'

• W,'\

.. '.

~', ..... t'i' .,~. ~ ...
~,,;:''',

~i.~' r~' :,
~"

':/'

";'.'

, :.'~. ~. :" "',
': .:':"

, ".
~. .

'measured by, the"Dopplereffect at the two" :i.ri~tant's of

interrogatIon t';and. 't + T (magnitudes hot corrasponding'
.,

to the cone angles) ,we make ,8: first;: el~menta~ylocalization

(memorandum No'-01o):fOll0wed)by "t".he i~"e;ati "e.', process of
'.' '., I '. . •

'. :: ;' ~ ';1 "" :' • .'

compensation of .the .ea!th,d~f~ned in the pr~ceding paragraph.
~",' ~..' '''.. , :-- ::;~t;.- ~.' . /~·I~.' . ': .:' -:. l'~;" .:. '. ~ ,

At the end of ,this'0petB:tlon\.~we obta1n:_ther"po~1tionBll~"."··
, ., ~ ~., i I

and' B21* ·of a ba,il?p,~·;.~~·:,,;h~;,:Fr~t~~F$,,~,;;~,~~::~t'+ T; ~,eri':',
..~ ) " '.. , :' (" ('\"M~E,: I.' • " ~ \ " 'l ' " ".' I ~, I

we know BII* and::. B,21~·;.');'~~_:~ c:~~!,cf,1.,?,~~~~~,~:~~~\.,,:~o~e angle~,- .,'"

·..... :.;)?V;~{~~F:!\::i~_': '. ........+.<:::.:\?:: . ,'. ·
,.. • • . ' .::',_': I : .~, :t,'" ' \
':"" ·~-:';:"s'·.·· .'~ \. . ·t'.'·· ; '.

• • ,", • r '~"''''. ": ',1 • ' •

.{ ... :.~., " ~'~ ~\.,
, ..

. '.' ~.. ;';..
!,. ;.

'..',

. ~ I

.' . .~
. i

... ;
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, ".,",

",
~.:' ~n, .' • I

, : ,: : ' ;": ...~. ~ .

,.'"

,::!. '

! '

}-'; "

in considerat ion of '"the speed~;'of the balloon at the~e

';'. • '" ~, 'I. .'

:" .... ;.. '" '.
::;'~" \ : ~":,~.":.

..·'.\'t", ".

, ~ lot. , .,.' •
~ . ' ..

..:, ,

. ~'"',

"
"I'.

two instant'B'or

. ,",

, '.

..... :
" ,

",.,,: (',

,',
We thus ob'tatn a, first estimate of the cone angles. On

~ ,. " - 'f" :',' '
the basis of cas ~.. \ and"c:osf'?,\ '/; ,we start on a second

--_.---'-' --,---
elementary localizatiort and a second process of compensa~ion

,.,,,. '1

of terrestrial rotation and obtain at the end of the

operation the 'posi-ytons B12 and B22 of the balloon which'

furnish a .first est'i'Ioate of t:he true, po'sitions of the .,~
• I."

'"." .'-
.. "'~:.

,'i

.' •. ' .,.~" ~ t',

\, ;.. "

I"

balloon at the two instants.

On the basis 'of these two positions obtained from,~
,"

,'.c.:, ;-

. ',:

....' '.f,

. '--:':., , ..: ,', ~~:I ",
~.. . .....,"" ..

~

" '

.~r ...' •

"t":,"

'3

j. "
(. ,

I ..

".
I;""

't'":'

, '

",. .'" .'

";' ..

"~'. ,

,.... ,)
'"

a frist estimate of the,angle~ of the two cones, we~, .-
...... ,.-.~ i,,-'.
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or more' generally

',.

Figure 5 schematizes the different operations used
"

in the general program of restitution of 'the data.' The:~

'. '-.
" .

', .. '

.:.....:

.f .:
" .

"'.

, t~.. .

:i ~{'Ji

,.~.l..

• I,',

,.' ~,,1'._ -' $0;..,

t~e, errors ~f?,: - ~e~ ~,.~:
;-"\"," . ..:

,1,0,:;

The:.. ··

canceltoorder

.(. ",,'.. :'.'"

c9nverges "inprocess
., .- .-,_._....,._.\

and~os ,g. \I( _. ~O<;' 8 )lI- 'when the two magnitudes are zero.
.. " '..'.~_'__-,...".......'.,:,"".: \~. ,

. . ','t·"-

positions B1ri .':an,d ,B2rt represent tl1e true positions of

,the balloon B\,:aj; the,.' ,~wo ,instant s ',of, , interrogation and.

..'\tca i~~:~~-~;~;~~~~.~.~r~s~~'~..·;,~~·~::·::'c.o~:1ne'S:'~'~9;r~~p<?~di ng. t? :,'
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·and consequently·
. \

On t~e l:as~~· .of :~?e p0s.it1ons.·B2 and Bl ::.localized by the ....: ..

.' .'ma~nitudes \i~-~-J3S. .andJ~o~-I!?\'\':··' these formulas aCC?rdinglt,·.· ', .. <>:: '.;
. mak~'- it pos'slble~to def'ine ·~·he.·measUredmagnitude~:,:~-;~·~~,f(:\·':'::':·.:.>;S''<i

~'. - - .. . ~".-:""':"'~~~:'" -: .::
and' :'~ ~*" . inversely. ". ;..·:·i.·· ... c~:.. :•.. ,

'. . ,:.'1.'.-:.__.-!.... _.;.:--l.~ .
T', • (" •

..... 3.4 Convergence of the Process and Results

j ','

/ ,

:-' ..

'. ,

'.

'.'
"

The iterative process of complete' restitution of ,.

the' localization' ·wa.ssimulated on the' arithmet ical' computer.
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:•• ': ' •• :;:: .. : .• -'. \ ., •.1'1

. ~: '. .
In the follow~ng 'two paragraphs, the ·co·inputationprogram. ,: :.. ,

and the PAF'program are reproduced. Table·.2 reproduces 'L:'~ :..
the intermediate results of the different .:ite::r:-ations and· '. I

i~lustrates·.the:·;;rapid converge'nce of the. prc)ce~s.
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a given position of a balloon, (F 2 = 0.2-6-180l\\=; 15;, " ......'

-L
2

= 0.03839570), the two magnitudes~,cosir.l"'/and cos~'-*'i,'
---- " ....1 I '_' C/

given 'by a Dopplerr measurement whe~e" wihd~-~' assum~~--~'s ,.'(

~ero. By reintroducing these two magnitudes in the

.......
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, ·t
,', .,.',
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An intermediate computation program defines, for '.
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, ,-. "., ",',

, .
I. -f ~ ' •.. ',.-'
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l' . ~ . . t
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"
.' t:<'
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iterative program, we, intend to restitute the exact
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:,. • 4 t
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: 'j'~: ¥
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the
~ .;., ,,: \ ", ..'~ .,/ \',

andfurn'ishes 'the 'effective'posit ion of
, " 6

an accuracy 'on the order 'of 10- • Theballoon wi th

3 iterations

posit1.onof the balloon•._

The first iterative process inc·luding terrestrial

rotation requires, in the example selected, 9, iterations

and the second process" including both terrestrial

rotation and: the error 'of mea~'urement~'i~qUire~ 6 iterations". . ~.. .

On the other hand, ,the overall itera,t'ive ,process requlI:es
;..

"

.,
"

convergence 'of the process is very satisfactory and
..... ','

"

. . . ~:i:. : '. '.'
of, computation for the prell:minary,localizat,io~.,,The ,J '-,:
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C1 = 0,54532814 C2 = 0,15268245 F2=(;-;-261801 OO----Li=O;03-839-570
,

·F = 0,303510 ".L2 '= 0,0571842
F2 =.0,276243 L2 = 0,052488 Fi=O, 274672· L2=0,051660
F2 = 0,275371 L' - 0,052341, F2=0,2891.55 L2=0,041931·2
F2 = '0,275340 L2 - 0,052335 F2=0,262610 L2=0,038498
F2 = 0,275343 L2 - 0,052335 F2=0,261793 L2=0,038/97
F2 = 0,275338 L2 = 0,05233'. F2=0,261832 L2=0,038400
F2 = 0,275342' L2 = 0,052335 F2=0, 261 801 L2=u,038395
F2 = 0,275335 L2 - 0,052335' , F2=0, 261801~._ L2=0,038395.F2 = 0.,275349 L2 = 0,052336 position _ . /

,,'

of theF2 0,275334 L2·= 0,052335' ,= balloon> " . -
F2 = 0,289850 L2 - 0,.042631 at the

'end of
,'.,.,\

. F2 = 0,263268 L2 - 0,039141-- 'locaiizat1on .', .~.

F2
.

0,262477 L2 0,039039 ,_.r< '. "<~'," ';" '.= = ... ' • J' .,.:_: :.

F2 = 0,262458 L2 =,0,039036 ".....<~')~
.. ' , ..

. .
F = 0,262455 L2 0,0390!6': " , .2 - . , \.~; •'.!:', - . . ,

.' .,F2 0,262455 L' o 039036' "= = "2 ' ,.'
.' .", .,':;....":>::: ..... ~ , , , . '

, ".,., ..F2 = 0,302808 ' L . =0,056446 . ..~: . ., ",

" 2 : ..
F2 = 0,275570 1 2 0,051810 " "

.\.':,-
"..

F' 0,274698 1 2 0,051664 '.; '. .. " :,'.= = " "-2 .
F2 0,274677 1 2 0,051661 · '

' ", " . :~, .= = '....• .', , .
F2 0,274674 1 2 0,051661 ~~ .-,...'"= = , ,.. I

F2 0,289155 . ,

L 0,041930
.r•. ---.._..~ -.....:\ i :, . '~..

= = "-

\ PihI"'kn .' ,2 "
)'.

F2 = CJ, 262612 L·.... = 0,038498: .,
,', ~ : .' .0'''',' "

.,~

F2 = 0,261795 ,L2 0,038397 : ",= ' . ., ...
I

F2 0,261837 L 0,038401' " ':',;,-:' ' .= ,:.','"

2 , '
' .

' ...... .... ',' .. ..F2 0,26180\ L2 = 0,038395 ' ; : := .-.,,1
" " .Q , . ,

'., "....F2 0,261801 ,.",

.12 0,038395= = ... . · . _....::.
.' . ", '

"0,302803 :.12 0,056445 · 'F2 = = "
" ..., .'F' 0,275568

,
1 2 0,051808= =2 . j:

IF2 = 0,274697 L2 = 0,051663
-
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. ,',

.... ,,')

.. -;. ..,.. ~

", '

,.: I

,,- ,t':'

" " ," ,,~' , ,
, ,

.'

' .. " ';,

"" j

...... "

., ,) ~



.' • t •••••' 'j'

• I

, " .'
, " -,

....... ~
."',

,.',
t'

1 ••,

! , )rata Restitution progra'm (DOppler effect

, r

,0 •

'0' "

,'"

r_;" ~ .

, ~.. .
,... ',,"

"
r ' .

, ;.:' :

, ..~

i, '

.:.' '.J ,,;.
~ ......

.: .
. / .

.' :.\-

. ,

•

.. ~'

.., .;,.~';.:.\."_~.' ~~"l--;':''' ... - .-

.. ,'.. ,
-,"

i... : ..
"'~"""

3-5

ijH=VS=Cl
HS=VS=C2
Fs=Fs=F2=L2=()

Hl=H3=Cl
H2=C2

'Ent er ra tal
Cl=CCB~1'l C2=COO ~~.
.. S TN B ..,.

jIterative Program':)
" for' ~
.\ ca lc ulat irig/

localization I

.Calculate UGWQY:
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V3=Cl V4=C2 .
. Cl=Vs+Hs-V3

C2=Vs+Hs-V-::
VS=Cl VS=C2
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PROGRAM FOR RESTITUTION,;OF LOCALIzATION
• . ~ ..... t ,

{ .']~

.' I ';::." ~:,.:.;, ~'.~<', !:.....

.:~ ... ~ ".r" I.I·~."~;'·~·;'·'~
6 . F···· H J ,~).~ i{; :,"f-.' # ~, ,'f': .L:~ ;:':' '. :' .= C D P V L .Z:. ' . ;., ..: '.'" .'. ,: :;../'>: :i-:::',

PRF

Y = GT

1

U = 8/6400

G 2/(398599/s3')~',!J ..:.
• ' . • l :,1

,,'!_:'..

W = (1 + U~) /2U, ?·:~: ..:.·.·5.'!, "'1' " ''/< ,~,' ·n~:J"
Q,= "I/U'>'~{ ., ',:"l::,' .. i/t<'

.... .:

" ,

.' ','
~': '

. "

.. ,.

: ..

. ':

',;.

," ','

,," .

-t,";' -.; I

"
, ,­

",

~.; "
.; .'

j. ,

~ .~.~
"\.;

~.. . .'

,>

, .

'~..
",.'.l.

"'~.'

'..;

.,".
".' .;'

'. I ••

" , .•1 '_.1:'.

2

la"

9

8

11

17

''1.

15

16

,1 "I..Read C1 C2 ' 8 T ..M B .' ". .

Stat e' Us=C !-,J!~:~~~?=C..!-. V6';;C~/Fs~'()~6~h"t2=()';P4=i '~=() ':

,3 , ,',' Ca lc u~a~e~r~r.;.~. JL'· '.' ;~~:";'_f:~-f.;"}:::,, .
4 " ,'. '8tate i.~s=1 ~~_=:9-.Lg~-Q:Ll!1_~11:: ,:~.:" <'~>":,.':':;';<j'I. ':,'

<' \ ", --~.,.:,.:.._: --~.,~L.~ __.. ·-,-.= ,'. ' ',.:,:.:. ::' ,';i: .~/r:;'c~~:~x.:\'~' ',"', '.
5· ",~. State~(1344(»)=Cl (13441)=C2~'.:_· ..... <.;~:";%~:J;-':,<:,~' . ~

6 :",. 'Int'er;;~~t 1on'·---"--:-'-·-'-'-5' ,,' :':J;::H::,(::::'.;J..>
7 ,. Program·lC>o.·(); .' ·;:i..,,;:i.···i-~:.·~/,~~. .: '=.~--'. ---.! • .;: _,'~ , .' ;:'·~:~~·,~~.··~~:'r:·\·~\~:.)~:> . ~.

State·iD~~(13449)-ri~=(1345()rE:={13454Jf';;:·'t.;;:,N ·::Ti;~" ,;, ..... r

ra~cu~~te~~~~:~-_-~:~~,:.- ". ::'1'}::F;~:tl~i'f{;/-
Calcu1ate,L!-4=12-D2-Bl, .....:J '.;';:,''' '.::' :,·i/.'.!,,::; ..

If IF31-'0•600002 :If;' F~~bi 000002'i~()t~Z~~;;i':}f:'; ,
12 If .'p.~ 11;Coi :'tb 24, <:'; ,'.c·r'·"'·:i':~':<-;·;·.'·

.'. \;: ? .... _..~~. :~:' '. ' ~, ' '·:~r·, -' :'. ';, < ..... \;,..:.,;~~:.*.:~~(:::.;
13 .... Make'Ps=Ps+lr'··.· .. ,,' ;.(" " ":." ..

'. • . 1\_:- -:1 .• I -',' .", " 'f, .'~. ~ ~c';: ; .-, .:.

14': '~'calculatetf~::P2!~ff', "i ',' " "

".. "
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PROGRAM FOR RESTITUTION OF LOCALIZATION (Cont inued L .'.·, .;,
: . ,..... ." ..;. ~'~,'(" .~ ....

.' ,

State ~J.~Zs·

.'. 1 '

.' :....~..

"'1 '

... .'..

: ; - T ,',

't(l .' ...','

":'-. .' 'I

"f ',' - ••
,,-,i- -.:', , '

. ~ I ','<'.':: ;:"._.
.1 ' •

}'"

: .~. ,
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If I 4·'?gO·. to )6

Calc ~-late~;~~T):"

" :.:',; I;: ~;.');~.':. '" .

State
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25.

26

Calc u1ate~j~~~-'()~"(")(X><)7268r'I

.Calc u1at~~il-:'~~:-2&=c'(;-~~-'·J~i·)(~r(i.-:~Yjt~coo'Ll) 'j' '

'. .' . ' .. :•. :..';":' " "::.... '.: .:~I·;~/·;·",,:·'~··· ··.·,'.·::tr:>:
If G,,;.O go to. 35'-·;;·'", . -,,,,'r"-' ..:~. ':~:,I'~ ~i,,', ::: . ~.:'
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28 .;'. 'Print wi t.h6-DEC··RC'·'''F; TJ~jr~~·-T~\B-G'·R(f!;t.r?~~;':ti: ...:' . ;'7<-

... ". '.' . . T,~==~~L·:. ~ ::: ":j/.;.'~: .' .·~··';~rr::~ti~~!i;·~:}i:~~/:\ '~':.
2 9 Calc u1ate:-J3=Fs-F,gJ'r.:: .~. -'; -:>:. . :-!If)'/'1f~-:-::' ·:::t;···>/·

30::~ CalculajJ~;P~-L;T :').. >::'. ',.:' ';:" ..~\:~..;~;::>"'.J: . :.
• '--. -:-::----~.,_•..•-. 1 ~ '.t' " '. ..•• ",. , •••. ~-'

'" do ,.., _ .... __.... __ ::........... \... ,., ••' I.,. •." , __ :::.;~~Ai~~:::;:i >::'.. ,·' .....,1•• ", ,

31-::. StateFB=F2Fs=L2t, .',' ·:.···.~····"'i',;·}··".;'·.,·,· :..:. -
• • ._~. r -., ;:- ....- • "'~," ...~~,~~~,.;... ..~~~.t;~~;:t>l :..::'.,.. :> ," . :~.... ~:~}-

3.2 ~i·:.,· If' jl~~13~~])(~x;I~-SI)!~]~~~]~)()(Xl2Ji~··:(:~'n:.(:.,tg.~'~o 50'" ':'::/,',
; ", '.' ',:t· "~~1"\.~'.,..-.:~; .··.·,I'.~

J3 ::;:.:r'IfP4~ll go ,to, 50 ". ., . , '!:' .. , ;;.';',

.:;4: ~;: .:-' Make~4.~~4.!~·1 ..'.,
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PROGRAM FUR .RESTITUTION OF' LOCALIZATION (Con~inue~)

Statey==-I.yl··

State!G=~Q~'

If G ~O go' to '4',

., - .

Interrogation

Go to ·4·· ..

Calc u1ateY(r.;,iao( ARC' SIN 'O>bi i,. ._--~_._._----.. ......."----.----

Go to

. .

calcu1ate;!A'~~~:~joo' (~L~9~.· ~;'t.'.:' ,.<.

. . ,

,'- . ·:" ..",2.":i~::........-.;,,......

Ca 1c ulat eHlJ:t 1'1 ..SLY.:

Stat e·L2'~I:.:·,:
- '~';-.,

.',
"•\. ·-•• t

Ca 1c~,~at~'i§;(YOO~F~){-:-S#{i2)( .. ~-i.~. M)~(' s:i~~~~H~ COO. 14t!

Ca 1cu1ate.2rJ~~ ARC"TCY-( «'-c'ts 'M)r;'>C'OO-F2)(~snl~-)'::(-snTMl<~sIN F2)!

')/{ c~ ._F2)~~.~,~~?U.. ..' .._~ __..;_ ".; '::. ,.",., __ _._.. " "
...•.. ,~..... "'f,'" ~ : .-:";. ~~,". ',' ::-.(

ca.1c~Jat~/,'Za-.=":),.R(tTG·.·«(-'-C,"oo M){ SI~l (.{:::c(iif)(xYi26&r>'f,J','· . if» ,
~ JUl!J':dl(~~_Ll2~()J()~~~1.7~H5~JJ (~ (1-:-02)) I . 1- ,"
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VERIFICATION PROGRAM (Cont inued)

109 -{ Calculate C =( COO· (J2-<">,OO()(Y7268TJ)(4:(i::Q2»( SIn (Za+Y»)/:" ",: "(
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IV. CONCLUSION

On the assumption of zero wind, this study shows '"

,i • ~.

.0(' . '. ~

., : ..\ l.~

.the possibility of restituting, ,with the aid of an

iterative'process, the exact position of the balloon

terrestrial rotation and due to the Doppler effect itself.

The accuracy obtained on the order of 10-6 is very

. ~.

by ta,king into account the ~ystematic errors due to .. ~;

>, •

, ,
satisfactory but requires a relatively prolonged ttme

of cal'culation since the elementary localization of the"

'balloon by the Doppler measurement requires iteration.

SUbsequ~nt memoranda will investigate the influence of:;,·
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the wi nd on, the 'localizat ion "of tpe balloon
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basis of thle::"process ,b,f restitution~' '. ;.:~:,

.t1.. ~1"?
• 'to" .....

~. ~;r ;.;""
•...,,1'

i}'.·

on the

"1-

.,' ~ \

.~;. ~

.::.:.....

',",.

'.>

,.,I '.'

't'

"I;." .

, ,

':'

'J

·t',

c·

.,' ."

.-.:c"

",'" ,
'\,', '-

" ..

...~ .,

.~~:';" ;

.>,

• ' 'f."

:>,~" .
': •• '.<.'~ .',

, "

~ \' ',.

, ;
'·.·.i.~\',

'. ,' ../,.', .
'!" "'..

I,,' .• 'I....

" "

,.,-

,< ,

< '



, ....:.
....

.' .. ' ' "," ,'"

.. '-, ,. ,

-30-
, '.

.. '. "

......
.<"

. ,",
.-;. ,

t -.~

l."

~f"·. -; ....
,...,,;" .

, '.~ ','

.. :.

• ,', I ,"

: ,~"

r.~•. ~ '. '.,

" ,
"\'." .; .. r'
..<. :. .' ;'

",' l~

'.' .

.. " ,',

, .

" '

'.', .

.~..

,I'

•.• .l

','

1 .~ .'

-:. "

"",' .

,j:

" ,

{ ,

)

TERRESTRIAL ROTATION
RE,STITlYrIo.,N PIDGBAM "( IDPPLER EFFECT)

~ . -f 'r'. .... ". ,r ;:.

~. j

..'1"':

t';'

... ",:' !
.' r'",.

.... ,
~ , 7" ',"': ..
'.. ~ \. • "'; 0,'-

~ )'

"

.~' .
,""

ANNEX 1

: itt \"'", ~."

: ',.'.. ;/.f•.

C _D__1:_V Fi.f.: ~'I

J.O ::'

2

9. ",

PAF,

T "

. ......

.''','

i··

.,' ..

.. '

.:.....

I ','

. ,.', "
,i 'j,.

.' "':'.....

";''': ...:

. '~" :.-, -:. ~

.' .



"1•• ',."

;," ,',' -:
, 1

"
: ::.::

~' .," I :\".

, /'"

"

. ~

'~.~'

, .. ~.

~" , ..

;",
, .

.•..

" ,

" '

'r I.

"'.

.'

' .. , ...

,.:

" ./

. ':.,-.

.' ., ,

.'.'

"" }

~ .. ' .'

. ".'

',' .,.',CO'" .
, '. ~

';'."

-~..

T,

,'1,

.;.'
.' ~ .

,.....

" ., ....-;.

',I•• ,

, ':<':'~"\':

'f' -

........
.' -,~ .~ .. ~

" :.-.

~. ~.
·f· ......

, - .:~ ~" I. \' •

... .. ,., ....~
';'

,.,~1'~J-;,~'~;-;";-:~~.,
. /:., '". .'

.', ,
,Jl.··.

, . ~ .

::

., ~;~.

~. ..,.
•
1

~,. \ I '

,.. ,; .'I

"

)

ANNEX 1 -(Continued):"
, !,"

',<.>~~: ~':~ r.:',
• 1"'~ ~':~ • , ,

If P 1, > p 2 ,sta~te'R=tLI=i >
If P1~ P2 Sta'te'.H~~p;~~i~i\'

, .
Ma~e',_K:=(Y~~BJl?} ,. ',:' ,;",:: .

'Calc ula~eYN~lPC:;4':rl~~);~'L':"Il~," \·:\.i'3t:;;,;~;, ,
If N< 0 ,gb: tQ 1 ." :3,·....:,;" . ,', <:\;.;;,~'::;,:~:::"l::,:,i>, K,'•• ,,'

" • " '. •• '.' , .. . • ~.'. ', ~ ~•., :'. " "\-,,, j

Calc u1~t~iD·~'~(C';.Ni.»).:Rc-COO-(ue;2.N'N)/i'jl:~·/',"", ,." .'

If I > ~'lJ:~~>:f"1:J2~ 5~(5i;'~,~h~ ,):;:?:.: ~f:~;:~s:;'::' .. '/,
Make 1=1+1 T,' .. c', ,t"',~,~ . ~ f··", :,<,

- ----..-.~ ..' " . ~l~~'; .,' '. "'i •• ' ". >-':'.~', '.0-' , r:
'~"~ ..,-._:...~.~j'~ .t." ,·~'-·.:'t , ....

Go to 22'.:.,~~.{~,~" ,',
Inter,rogat ion' '.' "'. ,:",>.'1)\;":

',,'; ._ :. :.:., "~~":&". ~.:<,( ;~" .lr~ ,

Calc u1atel f-~p.:l;P2::QTJ2,::'~/";':: .
.; ,"". ',' .. '. ':,.' I • ":<:"" ,: i·~,:.-,~,:'Y< /~';'~~~'~~',~~' '~ :(

If ", 1:! .. ;1:,' '~l~ f',R"~'~::~,~:::-'~o,;~ ..to 3 2, ""

If A< 0 ', go 'to""52'-/'i<il
r " •.," ~ ' • .' ..'.' ~ ...' :: ..

'. I':: . :.:~~.·_:~.~::·~~·:'::\~l/:',;:

Ca1cu1ate:B=P.K i >'/\t. ,
.' ., .' " "--'--:-~';-,;, ~,.,.:'

. f '. ,'. : ...t,) ~'. ", '.,

'If. B~,O:"go,':to \-35 ."' ..
,t\'

-K/{:"

Go to 13 ':.,

. If I.'>l,"S;,g(f to; 19
. .1. , ~ ~t.fi-'" l' ': ~,' '.

Make M+1J ::1
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26,

19

30

20
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ANNEX 1 - (Continued)

If IAI>o, ~X)S!O~)l~;~~_,:t<i ,:22]'!-'.
Caiculat~'1E="ft~C'-CcS R'" :~,:___ ~, _w _

" .'

' .. ~:

! :

I

. ' I

'... :.
/".
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.... '

, .
+.'

40

41,

42

43.' '

44"

Calc ula t e '!~64~(~{R2(L;:':~;)2+( F2:F1)2)
------- -------_._- . .

." -~._ ...:';<:,", '.r~._. -:.: ....:::ri~ :.W;". .r· .~- "r.- " ' ..:......_~ __ M~"

Print wlth'6 ~ECJ!9_I:-2 TAll L1 TAD F2 TAB F] TAB Y (:

..Make '!e I!i~+~,~::",;..•.·.,',0;::n~;J2;,;,(~t'1,;;:/~; i!'~;q',:,':' V.'.
If Y~o, 030 ,gp:' to 52''> : ," ,'d,.

. . . " :. ',; ..
Go to 4

""

..~~-~:: .
_J,' ••!p;!'

:1..:.,,' ,
( ~.• ' l.;:~: I. ...•

.,".
< "

,..

"

45 END ,",.
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NOTATIONS

Radius of satellite orbit
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